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Introduction

Passive immunization, the transfer of antibodies from donor to 
recipient,1 is one key strategy for communicable disease con-
trol.2 Passive immunization prevents disease via interaction 
between the administered antibodies and invading microor-
ganisms.3 The antibodies distribute throughout the recipient’s 
extracellular spaces4 and there may: neutralize invading virus 
particles by directly preventing their entry into cells;4 block 
cell surface receptors, thus preventing viral entry into cells;3 
activate the complement cascade (another part of the immune 
system) resulting in destruction of the virus;5 coat the virus 
to assist its engulfment (phagocytosis) by immune cells (a 
process known as opsonisation);4 or facilitate destruction of 
infected cells (antibody dependent5 or complement dependent 
cytotoxicity6).

*Correspondence to: Megan K Young; Email: megan.young@griffith.edu.au
Submitted: 04/02/13; Revised: 05/23/13; Accepted: 06/07/13
http://dx.doi.org/10.4161/hv.25311

The practice of passive immunization with human immune 
globulin (IG) for the control of communicable diseases 
(measles, rubella and hepatitis A) differs somewhat between 
Australia, the United States of America, the United Kingdom, 
and New Zealand despite the many similarities of these 
countries, including disease incidence rates and population 
immunity. No minimum effective dose of IG has been identified 
for protecting susceptible contacts of measles or hepatitis A. 
Recommended passive immunization practice for susceptible 
pregnant contacts of rubella is based on limited evidence in 
all countries. We suggest that gaps in the evidence base need 
to be addressed to appropriately inform the role of passive 
immunization in public health practice into the future.
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As early as the late 1800s, the short-term protection against 
infectious diseases afforded by passive immunization was being 
investigated, with convalescent human serum first being utilized 
for the prevention of measles in 1907.7,8 Over subsequent decades, 
convalescent serum, either from individuals or from a small 
number of donors pooled together, was documented to prevent 
or ameliorate disease when administered to non-immune people 
within a short time of exposure.8 During the 1930s, this practice 
of post exposure prophylaxis via passive immunization was wide-
spread in the medical community.8

Passive immunization continued to be the mainstay of the 
public health management of hepatitis A and measles prior to 
the availability of vaccines.1 However, rather than administer-
ing antibodies in the form of the serum of convalescents, human 
immune globulin (IG) came to be recognized as the blood prod-
uct of choice.1

IG is a concentrated solution of plasma proteins, almost all 
of which are antibodies.9 It is one of the blood products pro-
duced by the process of Cohn cold ethanol fractionation of the 
pooled plasma of at least 1000 blood donors.10 The process uses 
ethanol at varying concentrations, levels of acidity, temperatures 
and ionic strengths to precipitate proteins of different molecular 
weights at different stages and collect these by filtration.11

Today, passive immunization with IG still plays an impor-
tant part in the prevention of measles and hepatitis A among 
non-immune contacts in countries with low incidences of these 
diseases.12-18 In some cases passive immunization is also recom-
mended for non-immune pregnant contacts of rubella.16,19-22

However, public health management of these diseases is 
inconsistent between developed countries such as the United 
Kingdom (UK), the United States (US), Australia and New 
Zealand (NZ);12-18,21-28 and the recommended management of 
non-immune pregnant women exposed to rubella is also incon-
sistent within Australia.19,20,29 This narrative review of the litera-
ture briefly outlines these differences and then seeks to explore 
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recommendations state “Administration of IG after exposure to 
rubella will not prevent infection or viremia, but might modify or 
suppress symptoms and create an unwarranted sense of security.”17,21

Possible Reasons for Differences in Current Passive 
Immunization Practice

Australia, UK, US and NZ are similar in a number of ways. They 
are all top 30 countries as listed by gross domestic product (GDP) 
per capita by the World Bank.31 They are all grouped as ‘high 
income’ countries by the World Health Organization for bur-
den of disease reporting.32 Australia, UK, and NZ have similar 
spending on health, both as a percentage of GDP and per cap-
ita, according to Organisation for Economic Co-Operation and 
Development data, though the US spends roughly twice that of 
these other countries (Table 2).33 While the populations differ in 
terms of ethnic groups and their proportions, the majority of each 
country’s population is white.34 Population health status, as mea-
sured by life expectancy at birth,33 infant mortality33 and rates of 
all cause disability adjusted life years35 is similar (Table 3). The 
contribution of communicable and non-communicable diseases 
to each country’s burden of disease is also similar.35

the possible reasons behind them to help inform future public 
health practice.

Current Passive Immunization Practices

Passive immunization practices vary between Australia, UK, 
US and NZ in respect of those contacts offered human IG, the 
dose of IG that is administered, or both (Table 1). In the case of 
rubella, until very recently, each country’s national recommen-
dations suggested only offering IG to exposed pregnant women 
for whom termination of pregnancy is not acceptable. The latest 
Australian Immunization Handbook, published this year, omits 
this requirement, but does not go so far as to recommend IG for 
all non-immune pregnant women.30 The rationales for restrict-
ing IG to susceptible pregnant women refusing termination differ 
among the other countries. The UK Immunoglobulin Handbook 
suggests IG “does not prevent infection in non-immune contacts but 
may reduce the likelihood of clinical symptoms, which may possibly 
reduce the risk to the foetus”;22 the NZ Immunization Handbook 
states “Although IG has been shown to reduce clinically apparent 
infection in the mother, there is no guarantee that foetal infection 
will be prevented”;16 and the US Centers for Disease Control 

Table 1. Current recommended passive immunization practices of four high-income countries (continued)

Australia United Kingdom United States New Zealand

Measles

Contacts for 
post expo-

sure passive 
immunization

Up to 6 d after first 
exposure if:

• >72 h since first con-
tact with case

• <9 mo old

• pregnant

• immunosuppressed12

Up to 6 d post exposure:

• <9 mo old

• pregnant

• immunosuppressed

• Not recommended for 
others even if >72 h post 

exposure23

Within 6 d of exposure if:

• >72 h since exposure

• ≤12 mo old

• pregnant

• immunocompromised

• vaccine contraindi-
cated17,94,95

Up to 6 d after exposure if:

• >72 h since exposure

• <15 mo old

• pregnant

• immunocompromised

• vaccine contraindicated16

(Auckland district health board: 
Only if susceptible AND immu-
nosuppressed/pregnant/<6 mo 

old. NOT others even if >72 h 
post exposure)28

IG* dosage
• 0.2 ml/kg

• immunosuppressed: 
0.5 ml/kg12

• Nil

• immunosuppressed  
0.6 ml/kg

• infants 0.6 ml/kg

• pregnant women  
2250 mg (3 vials)23

• 0.25 ml/kg (max = 15 ml)

• immunocompromised 
0.5 ml/kg (max = 15 ml)95

• 0.6 ml/kg (max = 5 ml for healthy 
infants and 15 ml for others)16

Hepatitis A

Contacts for 
post expo-

sure passive 
immunization

Within 2 weeks of last 
exposure to an infec-

tious case:

• <12 mo of age

• immunosuppressed

• chronic liver disease

• vaccine is contraindi-
cated13

Within 2 weeks of exposure 
to the index case:

• Not infants

• ≥50 y of age

• chronic liver disease

• chronic hepatitis B or C 
infection

Hepatitis A vaccine  
co-administered.15

Within 2 weeks since 
exposure:

• <12 mo of age

• ≥41 y of age

• immunocompromised

• chronic liver disease

• vaccine is contraindi-
cated27

Within 2 weeks since exposure:

• <12 mo of age

• ≥41 y of age

• immunocompromised

• chronic liver disease16

IG* dosage

<25 kg 0.5 mL

25–50 kg 1.0 mL

>50 kg 2.0 mL13

<10 y 500 mg

≥ 0 y 750 mg

(750 mg is approx. 5 mL)24

0.02 mL/kg27 0.02 mL/kg16

*IG – Immune globulin.
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Table 1. Current recommended passive immunization practices of four high-income countries (continued)

Australia United Kingdom United States New Zealand

Rubella Contacts for 
post expo-

sure passive 
immunization

Immunization 
Handbook

• 9th edition published 
2008 - only “if termi-
nation for confirmed 

rubella would be unac-
ceptable under any 

circumstances”96

• 10th edition pub-
lished 2013–above 

statement has been 
removed.30

Queensland

• refer non-immune 
exposed pregnant 

woman to obstetrician 
for “frank” discussion 
of the risks and pos-

sible benefits within 72 
h of exposure20

Victoria

• consider immuno-
globulin after exposure 

to rubella in early 
pregnancy as “it may 

modify abnormalities in 
the baby”19

New South Wales

• immunoglobulin 
has not been demon-
strated to be of value 

post-exposure29

Only if termination for 
proved rubella infec-

tion is unacceptable to 
non-immune pregnant 

woman.22

Consider only if preg-
nant woman exposed to 
rubella will not consider 
termination under any 
circumstances. In these 
cases, administer immu-

noglobulin within 72 h of 
exposure.21

May be considered if termina-
tion of the pregnancy is not an 

option.16

IG* dosage 20 mL30 750 mg (approximately 5 
ml)22

20 mL in divided doses21 Recommended dose not given16

*IG – Immune globulin.

all children.16,30,38,39 Measles, mumps, rubella (MMR) vaccine 
coverage rates are also similarly high at around 90% of the target 
population.37

Hepatitis A population immunity is similar (Table 4), with 
low proportions of children and higher proportions of adults 
seropositive, but many adults still susceptible.40 A study esti-
mating overall prevalence in 2005 based on published figures 
reported very similar age-specific prevalence distributions across 
these countries.41

So too, measles and rubella immunity is similar, at over 
90% of the surveyed populations (Table  4).42-49 Age-specific 
seroprevalence distributions are also similar, with high propor-
tions of all age groups immune subsequent to the second MMR 
scheduled dose, although lower proportions of adult males than 
females are immune to rubella when these comparisons are 
available.

Overall, differences in population immunity are unlikely to 
contribute to differing public health management recommenda-
tions for these diseases.

What then is contributing to differences in the practice of pas-
sive immunization for controlling communicable diseases? We 
examine each of the following possible reasons: disease-specific 
incidences; disease-specific population immunity; relevance of 
literature; evidence of the effectiveness of passive immunization; 
cost effectiveness; access to IG; and, levels of disease-specific 
antibodies in IG.

Incidence of Disease and Population Immunity

Australia, UK, US and NZ all have low incidences of these dis-
eases (Table 4).15,16,18,25,36,37 While some variation in rates exists 
across countries, and from year to year within countries, the dif-
ferences do not appear to be large enough to impact significantly 
on the resources required for the public health management of 
these conditions in these affluent countries.

Each of these countries has a similar immunization schedule 
for these diseases, with the exception of the US that includes 
Hepatitis A vaccine on its childhood immunization schedule for 
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IG production.9,50-54 To apply evidence of cost effectiveness, 
disease incidences, population immunity, and health system 
factors need to be taken into account. As discussed above, dis-
ease incidences and population immunity are similar. However, 
the health systems of these countries differ considerably, par-
ticularly in terms of financing and the roles of government.55,56 
This may impact on the generalisability of cost effectiveness 
evidence.

Relevant Literature

Evidence of efficacy and effectiveness of passive immunization 
is generalisable globally. To apply evidence of safety, donor pop-
ulation prevalence of blood borne diseases may need to be taken 
into account. These countries all have low population preva-
lences of hepatitis B, hepatitis C and human immunodeficiency 
virus, and effective virus detection and neutralization steps in 

Table 2. Expenditure on health of four developed countries, 200933

Health expenditure Australia United Kingdom Untied States New Zealand

Percentage of gross domestic product 9.1 9.8 17.7 10.0

Per capita (US$) 3670 3379 7990 2923

Table 3. Overall population health of four developed countries

Marker of Population Health Australia United Kingdom United States New Zealand

Life expectancy at birth (F/M) 201033 84.0/79.5 82.6/78.6 81.1/76.2 82.8/79.1

Infant mortality (deaths per 1000 live births) 200933 4.3 4.6 6.4 5.2

Age standardized DALYs* per 100 000 all causes 200435 9894 11012 12844 10642

Age standardized DALYs* per 100 000 Infectious and parasitic diseases 200435 155 187 330 144

Age standardized DALYs* per 100 000 non-communicable diseases 200435 8222 9576 10481 8831

*DALYs – disability adjusted life years

Table 4. Comparison of four high-income countries on disease-specific possible reasons for differences in passive immunization practices

Australia United Kingdom United States New Zealand

Measles

Incidence37 0.31/105 (2010) 0.71/105 (2010) 0.023/105 (2009) 0.98/105 (2010)

Immunization Schedule37 12 mths and 4 y 13 mths and 3–5 y 12–15 mths and 4–6 y 15 mths and 4 y

Vaccine coverage37 88% 2 vaccines (2010) 87% 2 vaccines (2010) 90% 1 vaccine (2010) 91% 1 vaccine (2010)

Serosurvey evidence of 
immunity

94% (2002)42 >90% adults (2000)43 96% aged 6–49 y 
(1999–2004)44

94% aged 6–44 y 
(2009)45

Antibody level in IG Unknown 23–39 IU/mL14 Standardized against 
reference lot93 14–16 IU/mL28

Hepatitis A

Incidence 1.1/105 (2006–7)36 0.68/105 in England and 
Wales (2009)97,98 1.9/105 (2004)18 1.1/105 (2010)16

Immunization schedule
Indigenous children in 

high risk areas at 12–18 and 
18–24 mths30

Not on Childhood 
Immunization schedule25

All children at 12 mths 
and 18–23 mths99

Not on Childhood 
Immunization  

schedule16

Serosurvey evidence of 
immunity

41% (all ages) (1998)100

30.7% (all ages) in 
England and Wales 

(1996)101

34.9% (6+ yrs)  
(1999–2006)102

27.9% (adults 18+ yrs) 
(1996)103

Antibody level in IG
≥100 IU/mL as per 

European Pharmacopeia 
(pers comm D. Maher, CSL)

60.3–86.8 IU/mL15 Unknown—varies by 
batch18

≥100 IU/mL as per 
European Pharmacopeia 

(pers comm D. Maher, 
CSL)

Rubella

Incidence 0.23/105 per yr (2006–07)36 0.06/105 (lab confirmed 
cases only) (2008)104

Approx 0.01/105 
(2009)105 0.5/105 (2011)106

Immunization schedule 
and Vaccine coverage

As for measles As for measles As for measles As for measles

Serosurvey evidence of 
immunity

94% aged 19–49 y  
(1997–98)46

>90% aged >3 y  
(1994–1998)49

91% aged 6–49 y 
(1999–2004)48

92% aged 6–44 y 
(2009)45

Antibody level in IG Unknown Unknown Unknown Unknown
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Two systematic reviews of passive immunization for the pre-
vention of hepatitis A have been published. Liu et al.68 included 
two randomized controlled trials examining post exposure pro-
phylaxis. Mosley et al.69 examined two different IG products 
from the same manufacturer, produced at different times, vs. 
placebo, finding one to be effective and the other not. The anti-
hepatitis A virus (HAV) IgG content of the products was not 
identified. Victor et al.70 compared IG and vaccine, finding both 
were equally efficacious for susceptible contacts aged two to 40 
years. Again, the anti-HAV IgG content of the blood product 
used was not identified. However, the UK hepatitis A public 
health guidelines15 identify the IG product used in the trial by 
Victor et al. contained 18.83 IU/mL of anti-HAV IgG. The two 
included trials in this review68 were clearly unable to be com-
bined in meta-analysis.

Bianco et al.71 included two studies examining post exposure 
prophylaxis. These authors also included Mosley et al.’s study.69 
The second included study was a quasi-randomized multi-center 
controlled trial that reported post exposure prophylaxis with 
British IG to be effective.72 Again, the anti-HAV IgG content 
of the blood product used was not identified. Bianco et al. com-
bined these trials in meta-analysis to give an overall effectiveness 
estimate of 69%.71

The UK guidelines for the public health management of hepa-
titis A include a summary of the evidence base for post exposure 
prophylaxis with IG.15 The guidelines cite a number of random-
ized studies not included in the above systematic reviews, and a 
number of non-randomized controlled trials and observational 
studies. Critique of the methods of these studies is not included. 
The guidelines point out the varying estimates of effectiveness of 
post exposure IG for the prevention of hepatitis A.

Evidence of Cost Effectiveness

The cost effectiveness of post exposure passive immunization for 
the prevention of measles and rubella has not been considered in 
the medical literature. Two studies report on the costs of health 
system responses to measles including passive immunization (one 
from a public health perspective and one from a health service 
perspective), but costs per case prevented were not given and 
could not be calculated from the published information.73,74

Evidence on the cost effectiveness of post exposure passive 
immunization for preventing hepatitis A is limited in general, 
and absent from UK, NZ or Australian settings. Providing IG 
to all visitors to a National Park in the US where drinking water 
had been contaminated by sewage was determined not to be cost 
beneficial on post-event analysis.75 Pavia et al.76 determined the 
attributable risk reduction of a mass campaign to passively immu-
nize the residents in a religious community in the US during a 
hepatitis A outbreak to be 33.8/1000 over a seven-month period. 
The cost per case prevented can be calculated from their results 
as US$47.63. Gillis et al.77 compared the cost effectiveness of the 
Israeli Defense Forces program of passive immunization against 
hepatitis A (including both pre and post exposure prophylaxis) 
with active hepatitis A vaccination. The cost per case prevented 
by passive immunization depended on the incidence of disease 

Evidence of Effectiveness

No systematic review evidence of the effectiveness of passive 
immunization for the prevention of measles currently exists. 
Zingher’s presentation to the Pediatrics Section of the New York 
Academy of Medicine in 1924 cites a number of early studies.8 
More recently, Ramsay et al.14 cite a number of observational 
studies and one controlled study as evidence of the effectiveness 
of post exposure IG for preventing measles. They report large 
variation in the estimates of effectiveness, and note the possible 
role of IG dose in this. Neither of these publications consider 
all current relevant studies (for example, Harper et al.57 and 
Sheppeard et al.58 have not been included).

No systematic review evidence of the effectiveness of pas-
sive immunization for the prevention of rubella currently 
exists. Further, the evidence on which public health practice is 
based is limited and somewhat contradictory. The Australian 
Immunization Handbook references the US guidelines for each 
of the statements about post exposure passive immunization for 
rubella.30 These Australian guidelines state that post exposure 
passive immunization “does not prevent infection in non-immune 
contacts.”30 Whereas, the NZ guidelines state that “IG has been 
shown to reduce clinically apparent infection in the mother,” but 
do not reference this statement.16 The US guidelines provide two 
references at the end of the paragraph on post exposure passive 
immunization against rubella.17 One is a primary controlled 
study on passive immunization under experimental conditions 
that indicated efficacy of high dose IG within 24 h of expo-
sure, but limited efficacy at lower doses.59 The other is a book 
chapter that does not include in-text citations.60 It states that: 
“Immune globulin may reduce clinical findings, but does not prevent 
viraemia.” There is no indication of the dose of IG, anti-rubella 
Immunoglobulin G (IgG) concentration, or timing of admin-
istration to which this statement is referring. The statement 
conflicts with the study by Schiff59 (the other reference used in 
the US guidelines) that concluded viraemia was prevented with 
high-dose IG. Waagner’s book chapter60 goes on to indicate the 
author’s personal preference for only using immunoglobulin for 
pregnant women presenting within 72 h of exposure for whom 
therapeutic abortion is not an option. The author reasons that 
asymptomatic maternal infection may occur, anti-rubella anti-
body titers in immune globulin vary, and infants have been born 
with congenital rubella syndrome despite post exposure passive 
immunization. The author does not consider the possibility of 
detecting asymptomatic infection in women post IG adminis-
tration using serial serological testing, despite recommending 
exposed pregnant women undergo such testing immediately post 
exposure, and then at two to three and six weeks post exposure.

No primary research evidence has been published in the last 
three decades on the use of IG generally for preventing rubella in 
non-immune exposed pregnant women. Schiff and other litera-
ture from the 1970s and earlier draws varying conclusions, but 
may indicate a degree of efficacy.1,59,61-67 The studies tended to be 
underpowered making firm conclusions difficult without meta-
analysis. The difference between anti-rubella antibody titers in 
today’s IG and these studies also requires consideration.
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terms of blood and plasma products.86,88 Australia too, is able to 
meet demands for IG locally.86,89

Disease-Specific Antibody Titers in IG

The Australian product information for IG indicates the prod-
uct contains 160 mg/mL of human plasma proteins, mainly IgG. 
However, the disease-specific levels of IgG are not listed.9 CSL 
Biotherapies Australia Ltd. (personal communication: Darryl 
Maher, Senior Director, Medical and Research) confirmed that 
IG is manufactured to the European Pharmacopeia standard 
for hepatitis A antibodies of ≥ 100 IU/mL.90 Blood donors with 
high levels of hepatitis A antibodies are specifically selected for 
the IG pool. Each batch of IG is tested to ensure the concentra-
tion of anti-hepatitis A antibodies is at least 100 IU/mL (Fig. 1). 
Measles and rubella antibody levels are not routinely measured 
in the product (personal communication: Darryl Maher, Senior 
Director, Medical and Research, CSL Biotherapies Australia 
Ltd).

CSL Biotherapies Australia Ltd. also manufactures IG for 
NZ, using NZ plasma donations. The manufacturing process is 
identical to that of Australian Biotherapies IG and the European 
Pharmacopeia standard for hepatitis A antibodies is applied (per-
sonal communication: Darryl Maher, Senior Director, Medical 
and Research, CSL Biotherapies Australia Ltd).

assumed, the duration of service, and the state of living conditions 
and ranged from US$48.53 to US$810.78. A cost-benefit analy-
sis of passive immunization of children and pregnant women in 
Israel in response to fecal contamination of a water supply did 
not support the practice.78 The cost to prevent one child case was 
estimated at US$362.50, and the cost to prevent one case among 
pregnant women was estimated at US$11 514. Particularly nota-
ble in this study was the assumptions made about the attack rates 
in the subject populations and the accompanying lack of sensitiv-
ity analysis.

Access to IG

Available evidence suggests that access to IG is similar in the 
USA, UK, NZ and Australia. Each of these countries has one or 
more national blood collection programs79-83 and collection rates 
are all at least 30 donations per 1000 population,84 although, the 
UK imports plasma for the production of IG because of the theo-
retical risk of bovine spongiform encephalitis transmission.85,86 
Two different practice manuals in the UK suggest IG is readily 
available from pharmacies and through the Health Protection 
Agency.23,85 A June 2012 presentation to the Advisory Committee 
on Immunization Practices Meeting suggested that intramus-
cular IG is readily available in the US, although distribution is 
sometimes an issue.87 New Zealand reports self-sufficiency in 

Figure 1. Measured anti-Hepatitis A virus IgG in Australian immune globulin produced by CSL Biotherapies 1994–2012, means and standard deviations 
(Courtesy of CSL Biotherapies, Australia).
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However, there are gaps in the evidence base on the effec-
tiveness of post exposure IG for preventing these diseases. There 
is no systematic review evidence of the effectiveness of passive 
immunization for preventing measles or rubella. Particularly, 
the current recommendations about passive immunization and 
rubella control seem to hinge mainly on one reference that itself 
does not seem to be grounded solidly in the available evidence. 
While systematic reviews of the evidence for preventing hepatitis 
A exist, they have not been able to explore the minimum effective 
dose of IG. Differing administered doses may somewhat account 
for varying estimates of effectiveness.

Further, the disease-specific antibody content of IG varies 
considerably across these countries and over time. Decreasing 
levels of some disease-specific antibodies in IG has been reported 
to be the reason behind recent changes to practice in the UK and 
NZ. Anti-measles IgG and anti-rubella IgG levels in Australian 
IG are currently unknown.

These uncertainties could well account for the differences 
in practice across these countries, combined with the practical 
implications of differences in health system structures. Given 
the public health resources invested in the control of these dis-
eases (upwards of US$100 000 for one reported case of measles)73 
we suggest that the magnitude of the role that passive immu-
nization plays in these efforts should be informed by a strong 
evidence-base.

We suggest that systematic review evidence on the effective-
ness of passive immunization for the post exposure prophylaxis 
of measles and rubella is required, as well as a broader review 
of the evidence on the effectiveness of passive immunization for 
post exposure prophylaxis of hepatitis A to attempt to address the 
question of minimum effective dosage. Relevant disease-specific 
antibody titers in IG should be measured periodically, say every 
5–10 years, when not otherwise a part of routine manufacturing. 
And ultimately, local cost effectiveness studies would contribute 
to appropriately considered recommendations for passive immu-
nization in public health practice into the future.
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The IG product used for hepatitis A post-exposure prophy-
laxis in the UK was determined to contain anti-hepatitis A anti-
body levels between 60.3 and 86.8 IU/mL in 2008.15 The UK 
report altering the public health guidelines for the management 
of hepatitis A in response to this.15

The anti-hepatitis A antibody levels in US IG has been 
reported to vary by batch, but no range was given.18 Changes to 
US hepatitis A recommendations were made in 2007 in light of 
new evidence about post-exposure vaccination, but not hepatitis 
A antibody levels in IG.18,27

The UK and NZ measured measles-specific antibody levels 
in their IG products in 2009, finding concentrations of 23 to 39 
IU/mL and 14 to 16 IU/mL respectively.14,28 The UK measured 
antibody levels by plaque neutralization, while the methodology 
for measuring the NZ antibody levels is not identified. Different 
testing methods may account for some of the difference between 
countries.91 Both the UK and at least one NZ region report 
adjusting the public health management of measles in response 
to this.14,28 They base their adjusted dosage recommendations on 
the study by Endo et al. that identified anti-measles antibody lev-
els between 16 and 45 IU/mL as measured by haemagglutination 
inhibition in commercially available preparations of IG in Japan 
in 1999 and 2000.92 The US manufactures IG standardized to a 
reference lot for measles antibodies.93

No published levels of anti-rubella antibodies in IG were 
identified.

Conclusions

Passive immunization plays a defined, but important role in the 
public health control of communicable diseases in the developed 
world. There are current differences in practice with respect 
to passive immunization for measles, hepatitis A and rubella 
contacts between the high-income countries considered here. 
Particularly, passive immunization seems to play a lesser role in 
the public health management of hepatitis A and measles in the 
UK compared with the US, Australia and NZ, with fewer groups 
of contacts recommended for this intervention. Further, recom-
mended doses of IG for post exposure prophylaxis vary consider-
ably across the four countries.

Disease incidence, population immunity levels and access to 
IG are unlikely to account for the differences. Given the sparse 
evidence of cost effectiveness of this intervention with respect to 
hepatitis A, the lack of evidence of cost effectiveness with respect 
to measles and rubella, and accepting the generalizability of the 
evidence of effectiveness and safety, it is also unlikely that these 
countries are applying different literature evidence when forming 
their guidelines.



©
20

13
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

1892	 Human Vaccines & Immunotherapeutics	V olume 9 Issue 9

40.	 Jacobsen K. The Global Prevalence of Hepatitis A Virus 
Infection and Susceptibility: A Systematic Review. 
Geneva: Immunization, Vaccines and Biologicals, 
World Health Organization, 2009.

41.	 Jacobsen KH, Wiersma ST. Hepatitis A virus serop-
revalence by age and world region, 1990 and 2005. 
Vaccine 2010; 28:6653-7; PMID:20723630; http://
dx.doi.org/10.1016/j.vaccine.2010.08.037

42.	 Gidding HF, Wood J, MacIntyre CR, Kelly H, Lambert 
SB, Gilbert GL, et al. Sustained measles elimination in 
Australia and priorities for long term maintenance. 
Vaccine 2007; 25:3574-80; PMID:17300858; http://
dx.doi.org/10.1016/j.vaccine.2007.01.090

43.	 Vyse AJ, Gay NJ, Hesketh LM, Pebody R, Morgan-
Capner P, Miller E. Interpreting serological surveys 
using mixture models: the seroepidemiology of mea-
sles, mumps and rubella in England and Wales at 
the beginning of the 21st century. Epidemiol Infect 
2006; 134:1303-12; PMID:16650326; http://dx.doi.
org/10.1017/S0950268806006340

44.	 McQuillan GM, Kruszon-Moran D, Hyde TB, 
Forghani B, Bellini W, Dayan GH. Seroprevalence of 
measles antibody in the US population, 1999-2004. 
J Infect Dis 2007; 196:1459-64; PMID:18008224; 
http://dx.doi.org/10.1086/522866

45.	 Weir R, Jennings L, Young S, Brunton C, Murdoch 
D. National serosurvey of vaccine preventable diseases: 
report to the Ministry of Health. Wellington: Ministry 
of Health, 2009.

46.	 Gilbert GL, Escott RG, Gidding HF, Turnbull FM, 
Heath TC, McIntyre PB, et al. Impact of the Australian 
Measles Control Campaign on immunity to mea-
sles and rubella. Epidemiol Infect 2001; 127:297-
303; PMID:11693507; http://dx.doi.org/10.1017/
S0950268801005830

47.	 Kelly H, Worth L, Karapanagiotidis T, Riddell M. 
Interruption of rubella virus transmission in Australia 
may require vaccination of adult males: evidence from 
a Victorian sero-survey. Commun Dis Intell Q Rep 
2004; 28:69-73; PMID:15072157

48.	 Hyde TB, Kruszon-Moran D, McQuillan GM, Cossen 
C, Forghani B, Reef SE. Rubella immunity levels in 
the United States population: has the threshold of 
viral elimination been reached? Clin Infect Dis 2006; 
43(Suppl 3):S146-50; PMID:16998774; http://dx.doi.
org/10.1086/505947

49.	 Pebody RG, Edmunds WJ, Conyn-van Spaendonck 
M, Olin P, Berbers G, Rebiere I, et al. The seroepide-
miology of rubella in western Europe. Epidemiol Infect 
2000; 125:347-57; PMID:11117958; http://dx.doi.
org/10.1017/S0950268899004574

50.	 Te HS, Jensen DM. Epidemiology of hepatitis B and C 
viruses: a global overview. Clin Liver Dis 2010; 14:1-
21, vii; PMID:20123436; http://dx.doi.org/10.1016/j.
cld.2009.11.009

51.	 UNAIDS. AIDSinfo Epidemiological Status. 2009 
[cited 2012 18 Sept]; Available from: http://www.
unaids.org/en/dataanalysis/datatools/aidsinfo/.

52.	 US Food and Drug Administration. Vaccines, Blood 
& Biologics: Blood and blood products. 2012 [cited 
2012 18 Sept]; Available from: http://www.fda.gov/
BiologicsBloodVaccines/BloodBloodProducts/default.
htm.

53.	 Bio Products Laboratory. Patient information leaflet: 
Subgam, Human normal immunoglobulin solution. 
Hertfordshire, UK 2009.

54.	 Sinden J. Datasheet: Normal Immunoglobulin-VF. 
Auckland: CSL New Zealand Limited, 2008.

55.	 CodeBlueNow! Comparison of Health Care Systems. 
Seattle: CodeBlueNow! 2008 [cited 2012 23 July]; 
Available from: http://conversations.psu.edu/docs/
calkins_comparison.pdf

56.	 World Health Organisation. WHOSIS: WHO 
Statistical Information System. 2008 [cited 2012 23 
July]; Available from: http://apps.who.int/whosis/data/
Search.jsp.

21.	 Control and prevention of rubella: evaluation and 
management of suspected outbreaks, rubella in preg-
nant women, and surveillance for congenital rubella 
syndrome. MMWR Recomm Rep 2001; 50(RR-12):1-
23; PMID:11475328

22.	 Immunization Department. Rubella. Immunoglobulin 
Handbook. UK: Health Protection Agency, 2009.

23.	 Immunization Department. Measles. Immunoglobulin 
Handbook. UK: Health Protection Agency, 2009.

24.	 Immunization Department. Hepatitis A. 
Immunoglobulin Handbook. UK: Health Protection 
Agency, 2009.

25.	 UK Department of Health. Chapter 17: Hepatitis 
A - updated 9 February 2011. Immunization against 
infectious disease - “The Green Book” - 2006 updated 
edition. UK: Department of Health, UK, 2011.

26.	 UK Department of Health. Chapter 28: Rubella - file 
replaced 14 December 2010. Immunization against 
infectious disease - “The Green Book” - 2006 updated 
edition. UK: Department of Health, UK, 2010.

27.	 Advisory Committee on Immunization Practices 
(ACIP) Centers for Disease Control and Prevention 
(CDC). Update: Prevention of hepatitis A after expo-
sure to hepatitis A virus and in international travelers. 
Updated recommendations of the Advisory Committee 
on Immunization Practices (ACIP). MMWR Morb 
Mortal Wkly Rep 2007; 56:1080-4; PMID:17947967

28.	 Best V, Roberts F. Measles - Infection Control 
Definitions & Guidelines. In: Gavin R, ed. Starship 
Children’s Health Clinical Guideline. Auckland, New 
Zealand: Auckland District Health Board, 2011.

29.	 New South Wales Health. Control Guideline: Rubella. 
Sydney: NSW government, 2004.

30.	 Australian Technical Advisory Group on Immunization. 
The Australian Immunization Handbook 10th edition. 
Canberra: Commonwealth of Australia, 2013.

31.	 The World Bank. Data: GDP per capita (current 
US$). The World Bank Group, 2012 [cited 2012, 
23 July]; Available from: http://data.worldbank.org/
indicator/NY.GDP.PCAP.CD?order=wbapi_data_
value_2010+wbapi_data_value&sort=desc.

32.	 World Health Organisation. The Global Burden 
of Disease 2004 Update. Geneva: World Health 
Organisation, 2008.

33.	 OECD. OECD Health Data 2012 - Frequently 
Requested Data. 2012 [cited 2012 23 July]; Available 
from: http://www.oecd.org/document/16/0,3746,
en_2649_37407_2085200_1_1_1_37407,00.html.

34.	 Central Intelligence Agency. The World Factbook: 
Ethnic Groups. 2012 [updated weekly; cited 2012 
23 July]; Available from: https://www.cia.gov/library/
publications/the-world-factbook/fields/2075.html.

35.	 World Health Organisation Department of 
Measurement and Health Information. Mortality and 
Burden of Disease Estimates for WHO Member States 
in 2004. WHO, 2009 [cited 2012 23 July]; Available 
from: http://www.who.int/healthinfo/global_burden_
disease/estimates_country/en/index.html.

36.	 NCIRS. Vaccine preventable disease in Australia, 
2005 to 2007. Communicable Diseases Intelligence. 
Canberra: Australian Government Department of 
Health and Ageing, 2010.

37.	 World Health Organisation. WHO Vaccine 
Preventable Diseases Monitoring System 2011 Global 
Summary. World Health Organisation, 2012 [updated 
3 October 2011 (data as of 27 Sept 2011); cited 2012 
Feb 21]; Available from: http://apps.who.int/immuni-
zation_monitoring/en/globalsummary/countryprofile-
select.cfm.

38.	 Health Protection Agency. Vaccination Schedule: 
Routine childhood immunization schedule. 
London: Health Protection Agency, 2011 [cited 
2012 Jan 2]; Available from: http://www.hpa.org.
uk/Topics / Infec t iousDisease s / Infec t ionsAZ/
VaccineCoverageAndCOVER/VaccinationSchedule/.

39.	 Recommended immunization schedules for persons 
aged 0–18 years - United States, 2012. MMWR Morb 
Mortal Wkly Rep 2012; 61:1-4

References
1.	 McDonagh TJ. Passive immunization with 

gamma globulin. J Occup Med 1966; 8:567-72; 
PMID:4163204

2.	 Gonik B. Passive immunization: the forgotten arm 
of immunologically based strategies for disease con-
tainment. Am J Obstet Gynecol 2011; 205:e1-6; 
PMID:21893309; http://dx.doi.org/10.1016/j.
ajog.2011.06.076

3.	 Reading SA, Dimmock NJ. Neutralization of ani-
mal virus infectivity by antibody. Arch Virol 2007; 
152:1047-59; PMID:17516034; http://dx.doi.
org/10.1007/s00705-006-0923-8

4.	 Birdsall H. Antibodies. In: Mandell G, Bennett J, Dolin 
R, eds. Mandell, Douglas, and Bennett’s Priniciples and 
Practice of Infectious Diseases. Philadelphia: Chruchill 
Livengstone, 2009.

5.	 Law M, Hangartner L. Antibodies against viruses: 
passive and active immunization. Curr Opin Immunol 
2008; 20:486-92; PMID:18577455; http://dx.doi.
org/10.1016/j.coi.2008.06.005

6.	 Burton DR. Antibodies, viruses and vaccines. Nat Rev 
Immunol 2002; 2:706-13; PMID:12209139; http://
dx.doi.org/10.1038/nri891

7.	 Eibl MM. History of immunoglobulin replacement. 
Immunol Allergy Clin North Am 2008; 28:737-64, 
viii; PMID:18940572; http://dx.doi.org/10.1016/j.
iac.2008.06.004

8.	 Zingher A, Mortimer P. Convalescent whole blood, 
plasma and serum in the prophylaxis of measles: JAMA, 
12 April, 1926; 1180-1187. Rev Med Virol 2005; 
15:407-18, discussion 418-21; PMID:16211552; 
http://dx.doi.org/10.1002/rmv.480

9.	 MIMS online. Normal Immunoglobulin-VF: Medica 
UBM. 2011 [cited 2012 18 Sept] Available from: 
https://www.mimsonline.com.au.

10.	 Annex WHO. 2: Requirements for the collection, pro-
cessing and quality control of blood, blood components 
and plasma derivatives. In: WHO, ed. WHO Technical 
Report Series, 1994.

11.	 Burnouf T. Modern plasma fractionation. Transfus 
Med Rev 2007; 21:101-17; PMID:17397761; http://
dx.doi.org/10.1016/j.tmrv.2006.11.001

12.	 CDNA. Measles: National guidelines for public health 
units. Canberra: Commonwealth Department of 
Health and Ageing, 2009.

13.	 CDNA. Hepatitis A: National guidelines for public 
health units. Canberra: Commonwealth Government, 
2009.

14.	 Ramsay M, Manikkavasagan G, Brown K, Craig L. 
Post exposure prophylaxis for measles: revised guidance 
May 2009. UK: Health Protection Agency, 2009.

15.	 Thomas L, and the Hepatitis A Guidelines Group. 
Guidance for the Prevention and Control of Hepatitis 
A Infection. London: Health Protection Agency, 2009.

16.	 Ministry of Health. Immunization Handbook 2011. 
Wellington: Ministry of Health, 2011.

17.	 Watson JC, Hadler SC, Dykewicz CA, Reef S, Phillips 
L. Measles, mumps, and rubella--vaccine use and 
strategies for elimination of measles, rubella, and 
congenital rubella syndrome and control of mumps: 
recommendations of the Advisory Committee on 
Immunization Practices (ACIP). MMWR Recomm 
Rep 1998; 47(RR-8):1-57; PMID:9639369

18.	 Advisory Committee on Immunization Practices 
(ACIP). Fiore AE, Wasley A, Bell BP. Prevention of 
hepatitis A through active or passive immunization: 
recommendations of the Advisory Committee on 
Immunization Practices (ACIP). MMWR Recomm 
Rep 2006; 55(RR-7):1-23

19.	 Victorian Department of Health. Infectious diseas-
es epidemiology and surveillance: Rubella (German 
measles). Melbourne: Department of Health, Victoria, 
Australia, 2007.

20.	 Health Q. Rubella: Queensland Health Guidelines 
for Public Health Units. Brisbane: Queensland 
Government, 2010.



©
20

13
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

www.landesbioscience.com	 Human Vaccines & Immunotherapeutics	 1893

93.	 US Food and Drug Administration. CFR - Code of 
Federal Regulations Title 21. 2011.

94.	 Dayan G, Rota J, Bellini W, Redd S. Chapter 7: 
Measles. In: Roush S, McIntyre L, Baldy L, eds. 
Manual for the Surveillance of Vaccine-Preventable 
Diseases. Atlanta, USA: Centers for Disease Control 
and Prevention, 2008.

95.	 Centers for Disease Control and Prevention. 
Epidemiology and Prevention of Vaccine-Preventable 
Diseases: The Pink Book. Washington DC: Public 
Health Foundation, 2012.

96.	 Australian Technical Advisory Group on Immunization. 
The Australian Immunization handbook 9th edition. 
Canberra: Australian Government, 2008.

97.	 Health Protection Agency. Statutory Notification of 
Hepatitis A by Region, England and Wales, 1990-
2009. HPA, 2011 2011 [updated 29 December 
2011; cited 2012 21 Feb]; Available from: http://
www.hpa.org.uk/web/HPAweb&HPAwebStandard/
HPAweb_C/1195733845348.

98.	 Office for National Statistics. Population estimates 
for UK, England and Wales, Scotland and Northern 
Ireland - mid 2009. Office for National Statistics, 
2010 [cited 2012 21 Feb]; Available from: http://
www.ons.gov.uk/ons/publications/re-reference-tables.
html?edition=tcm%3A77-213645.

99.	 Advisory Committee on Immunization Practices. 
Resolution No. 06/07-1 Vaccines for children program: 
vaccines to prevent hepatitis A. Centers for Disease 
Control and Prevention, 2007 [updated Adopted and 
effective 27 Jun 2007; cited 2012 21 Feb]; Available 
from: http://www.cdc.gov/vaccines/programs/vfc/
downloads/resolutions/0607-1hepa.pdf.

100.	 Amin J, Gilbert GL, Escott RG, Heath TC, Burgess 
MA. Hepatitis A epidemiology in Australia: national 
seroprevalence and notifications. Med J Aust 2001; 
174:338-41; PMID:11346106

101.	 Morris MC, Gay NJ, Hesketh LM, Morgan-Capner 
P, Miller E. The changing epidemiological pattern of 
hepatitis A in England and Wales. Epidemiol Infect 
2002; 128:457-63; PMID:12113490; http://dx.doi.
org/10.1017/S095026880200701X

102.	 Klevens RM, Kruszon-Moran D, Wasley A, Gallagher 
K, McQuillan GM, Kuhnert W, et al. Seroprevalence 
of hepatitis A virus antibodies in the U.S.: results 
from the National Health and Nutrition Examination 
Survey. Public Health Rep 2011; 126:522-32; 
PMID:21800746

103.	 Chapman BA, Burt MJ, Frampton CM, Collett 
JA, Yeo KH, Wilkinson ID, et al. The prevalence 
of viral hepatitis (HAV, HBV and HCV) in the 
Christchurch community. N Z Med J 2000; 113:394-
6; PMID:11062814

104.	 Muscat M, Zimmerman L, Bacci S, Bang H, Glismann 
S, Mølbak K, et al.; EUVAC.NET group. Toward rubel-
la elimination in Europe: an epidemiological assess-
ment. Vaccine 2012; 30:1999-2007; PMID:22178098; 
http://dx.doi.org/10.1016/j.vaccine.2011.12.016

105.	 Centers for Disease Control and Prevention (CDC). 
Summary of notifiable diseases: United States, 2009. 
MMWR Morb Mortal Wkly Rep 2011; 58:1-100; 
PMID:21566560

106.	 The Institute of Environmental Science and Research 
Ltd. Notifiable and other diseases in New Zealand: 
Annual Report 2011. Porirua, New Zealand, 2012.

74.	 Stuart R, Bradford J, Leszkiewicz P, Wilson J, Gillespie 
E. The costs of containing measles within a health care 
service. Healthc Infect 2010; 15:43-6; http://dx.doi.
org/10.1071/HI10008

75.	 Rosenberg ML, Koplan JP, Pollard RA. The risk of 
acquiring hepatitis from sewage-contaminated water. 
Am J Epidemiol 1980; 112:17-22; PMID:6772022

76.	 Pavia AT, Nielsen L, Armington L, Thurman DJ, 
Tierney E, Nichols CR. A community-wide outbreak 
of hepatitis A in a religious community: impact of mass 
administration of immune globulin. Am J Epidemiol 
1990; 131:1085-93; PMID:2343861

77.	 Gillis D, Yetiv N, Gdalevich M, Mimouni D, Ashkenazi 
I, Shpilberg O, et al. Active versus passive immuniza-
tion against hepatitis A in the Israel defence forces: 
a cost-benefit analysis. Vaccine 2000; 18:3005-10; 
PMID:10825603; http://dx.doi.org/10.1016/S0264-
410X(00)00091-8

78.	 Egoz N. Cost-benefit of mass prophylaxis with immune 
serum globulin to control waterborne hepatitis A: a case 
study. Isr J Med Sci 1986; 22:277-82; PMID:3091532

79.	 American Red Cross. American Red Cross - About Us. 
2012 [cited 2012 23 July]; Available from: http://www.
redcrossblood.org/about-us.

80.	 America’s Blood Centers. America’s Blood Centers 
- About Us. 2012 [cited 2012 23 July]; Available 
from: http://www.americasblood.org/go.cfm?do=Page.
View&pid=29.

81.	 NHS Blood and Transplant. Home page. 2012 [cited 
2012 23 July]; Available from: http://www.nhsbt.nhs.
uk/index.asp.

82.	 Australian Red Cross Blood Service. Blood collection 
and testing. 2012 [updated 2011, 23 Dec; cited 2012 
23 July]; Available from: http://www.transfusion.com.
au/blood_products/collection_testing.

83.	 New Zealand Blood Service. What we do. 2012 [cited 
2012 23 July]; Available from: http://www.nzblood.
co.nz/About-NZBS/What-we-do.

84.	 World Health Organisation. Blood Safety: GDBS 
Summary Report 2011. WHO, 2011.

85.	 McClelland D, ed. Handbook of Transfusion Medicine. 
London: The Stationery Office, 2007.

86.	 Flood P, Wills P, Lawler P, Ryan G, Rickard K. Review 
of Australia’s Plasma Fractionation Arrangements. 
Canberra: Commonwealth of Australia, 2006. http://
www.health.gov.au/plasmafractionationreview

87.	 Papania M, Beller J, Scott D. Measles post-exposure 
prophylaxis with immune globulin products. Atlanta, 
Georgia: Centres for Disease Control, 2012 [cited 2012 
23 July]; Available from: http://www.cdc.gov/vaccines/
recs/acip/downloads/mtg-slides-jun12/03-MMR-Papa-
nia.pdf.

88.	 Poutasi K. Re: Review of Australia’s Plasma 
Fractionation Arrangements. 2006.

89.	 National Blood Authority Australia. Recombinant and 
plasma supply contracts. 2012 [updated 2011, 6 June; 
cited 2012 23 July]; Available from: http://www.nba.
gov.au/supply/recombinant.html.

90.	 European Pharmacopoeia. Strasbourg, France: 
European Department for the Quality of Medicines, 
Council of Europe, 2008.

91.	 Rabenau HF, Marianov B, Wicker S, Allwinn R. 
Comparison of the neutralizing and ELISA antibody 
titres to measles virus in human sera and in gamma 
globulin preparations. Med Microbiol Immunol 
2007; 196:151-5; PMID:17308917; http://dx.doi.
org/10.1007/s00430-007-0037-2

92.	 Endo A, Izumi H, Miyashita M, Taniguchi K, Okubo 
O, Harada K. Current efficacy of postexposure prophy-
laxis against measles with immunoglobulin. J Pediatr 
2001; 138:926-8; PMID:11391343; http://dx.doi.
org/10.1067/mpd.2001.113710

57.	 Harper WS, Tayback ML, Williams H. The efficacy of 
gamma globulin in the prevention of measles. Md State 
Med J 1957; 6:67-9; PMID:13407194

58.	 Sheppeard V, Forssman B, Ferson MJ, Moreira C, 
Campbell-Lloyd S, Dwyer DE, et al. The effective-
ness of prophylaxis for measles contacts in NSW. New 
South Wales Public. Health Bull (Edinb) 2009; 20:81-
5; http://dx.doi.org/10.1071/NB08014

59.	 Schiff GM. Titered lots of immune globulin (Ig). 
Efficacy in the prevention of rubella. Am J Dis Child 
1969; 118:322-7; PMID:4183352

60.	 Waagner D. Childhood exanthems. In: Kaplan S, ed. 
Current Therapy in Pediatric Infectious Diseases. Saint 
Louis: Mosby-Year Book, Inc., 1993:274-8.

61.	 Petersen EE, Neumann-Haefelin D, Heussler M. 
Rubella in pregnancy: experimental studies on the 
value of gamma-globulin after rubella wild virus 
infection (author’s transl). Dtsch Med Wochenschr 
1978; 103:1695-700; PMID:81125; http://dx.doi.
org/10.1055/s-0028-1129325

62.	 Neumann-Haefelin D, Neumann-Haefelin Ch, 
Petersen EE, Luthardt Th, Hass R. Passive immuni-
zation against rubella: studies on the effectiveness of 
rubella-immunoglobulin after intranasal infection with 
rubella vaccination virus. Dtsch Med Wochenschr 
1975; 100:177-81; PMID:1112230; http://dx.doi.
org/10.1055/s-0028-1106191

63.	 Prophylaxis in rubella. Br Med J 1967; 4:183-4; 
PMID:4167915; http://dx.doi.org/10.1136/
bmj.4.5573.183

64.	 Prevention of rubella malformations. Br Med J 
1968; 3:199-200; PMID:4173959; http://dx.doi.
org/10.1136/bmj.3.5612.199

65.	 Doege TC, Kim KS. Studies of rubella and its preven-
tion with immune globulin. JAMA 1967; 200:584-
90; PMID:4164596; http://dx.doi.org/10.1001/
jama.1967.03120200062008

66.	 Green R, Balsamo M, Giles J, Krugman S, Mirick G. 
Experimental studies with rubella: evaluation of gamma 
globulin for prophylaxis. Archiv fur die Virusforschung 
1965; 16:513-6; http://dx.doi.org/10.1007/
BF01253868

67.	 Bass M, Davidson HB, Foote F, Muckenfuss R. The 
efficacy of gamma globulin in the prevention of German 
measles. NY Med 1949; 5:21-3; PMID:15394138

68.	 Liu JP, Nikolova D, Fei Y. Immunoglobulins for pre-
venting hepatitis A. Cochrane Database Syst Rev 2009; 
CD004181; PMID:19370595

69.	 Mosley JW, Reisler DM, Brachott D, Roth D, Weiser 
J. Comparison of two lots of immune serum globulin 
for prophylaxis of infectious hepatitis. Am J Epidemiol 
1968; 87:539-50; PMID:4297614

70.	 Victor JC, Monto AS, Surdina TY, Suleimenova SZ, 
Vaughan G, Nainan OV, et al. Hepatitis A vaccine 
versus immune globulin for postexposure prophylaxis. 
N Engl J Med 2007; 357:1685-94; PMID:17947390; 
http://dx.doi.org/10.1056/NEJMoa070546

71.	 Bianco E, De Masi S, Mele A, Jefferson T. Effectiveness 
of immune globulins in preventing infectious hepa-
titis and hepatitis A: a systematic review. Dig Liver 
Dis 2004; 36:834-42; PMID:15646432; http://dx.doi.
org/10.1016/j.dld.2004.07.014

72.	 Pollock T, Reid D. Assessment of British gammaglobu-
lin in preventing infectious hepatitis. A report to the 
director of the Public Health Laboratory Service. Br 
Med J 1968; 3:451-4; PMID:4174401; http://dx.doi.
org/10.1136/bmj.3.5616.451

73.	 Dayan GH, Ortega-Sánchez IR, LeBaron CW, Quinlisk 
MP, Team IMR; Iowa Measles Response Team. The 
cost of containing one case of measles: the economic 
impact on the public health infrastructure--Iowa, 2004. 
Pediatrics 2005; 116:e1-4; PMID:15995008; http://
dx.doi.org/10.1542/peds.2004-2512




